Abstract A population-based case-control study of physical activity and endometrial cancer risk was conducted in Alberta between 2002 and 2006. Incident, histologically confirmed cases of endometrial cancer (n = 542) were frequency age-matched to controls (n = 1,032). The Lifetime Total Physical Activity Questionnaire was used to measure occupational, household, and recreational activity levels. Multivariable logistic regression analyses were conducted. Total lifetime physical activity reduced endometrial cancer risk (odds ratio [OR] for [129 vs. \82 MET-h/week/ year = 0.86, 95% confidence interval [95% CI]: 0.63, 1.18).
Introduction
Endometrial cancer is the most common gynecologic cancer in Canada with an estimated 4,400 cases expected in 2009 and 800 deaths [1] . Several risk factors for the disease have been identified including obesity [2, 3] , diabetes mellitus [4] , family history of cancer [5] , estrogen-only hormone replacement therapy [3, 6, 7] , and various reproductive factors including nulliparity, early age at menarche, and late age at menopause [8] . Although less studied, some evidence suggests that physical activity may reduce the risk of endometrial cancer [9] . Among 24 previously conducted studies, 19 studies [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] suggested an inverse association of physical activity on endometrial cancer and a null association was reported in five studies [29] [30] [31] [32] [33] . A wide range of definitions of physical activity have been used in these studies, and none has systematically measured all types (i.e., occupational, household, recreational) and parameters (i.e., duration, frequency, and intensity) of physical activity performed throughout life. Recent reviews of this literature [9, 34] have emphasized the need for further research studies that have more detailed assessments of lifetime physical activity that consider all types and parameters of activity as well as activity done during different life periods and sedentary behavior as a separate risk factor. This study was specifically designed to address these gaps in previous studies of physical activity and its association with endometrial cancer risk.
Materials and methods
We conducted a population-based case-control study in Alberta, Canada between September 2002 and February 2006. This study received ethical approval, and all study subjects provided written informed consent before the interview. Incident, histologically confirmed invasive cases of endometrial cancer were identified directly from the Alberta Cancer Registry, a population-based cancer registry that has an estimated 95% case ascertainment rate [35] . Cases were eligible for the study if they were Alberta residents, aged 30-79, English-speaking, able to complete an in-person interview and self-administered diet questionnaire, and did not have another previous cancer except non-melanoma skin cancer. Permission to contact patients was sought through their referring physician. Once permission was obtained, in-person interviews were conducted. A total of 1,090 cases were identified and screened for eligibility and 900 were eligible, and physician approval to contact them was obtained for 808 women. A total of 552 (68.3%) women completed the study interview, 249 declined participation (30.8%), and 7 (0.9%) could not be contacted. Three cases were excluded after re-review as they had complex atypical hyperplasia leaving 549 eligible for analysis.
Female controls were identified through random digit dialing using a pool of telephone numbers randomly generated from available prefixes for the province of Alberta. Controls were frequency matched to cases on age (±5 years) and were free of any cancer diagnosis excluding non-melanoma skin cancer. The telephone recruiters were able to screen 18,264 (60.9%) of the 29, 970 residences contacted and identified 1,998 eligible women, but 14 (0.9%) could not be further contacted. Of the 1,984 eligible who were invited to participate, 948 (47.8%) refused at screening or after receiving the study package, and the remaining 1,036 (52.2%) completed the study interview. The final data set for analysis included 542 cases and 1,032 controls because seven cases and four controls were excluded because of unsatisfactory interviews.
Data collection
Respondents reported their personal health history, reproductive and menstrual history, exogenous hormone use history, family history of cancer, lifetime physical activity patterns, lifetime alcohol consumption history, smoking habits, demographic characteristics and usual adult height and weight at each decade from age 20 to 60 years. Information was ascertained through the reference date (the date of hysterectomy for the cases and a comparable date for the controls that was equivalent to the time difference between hysterectomy and date of interview for the cases). Diet in the year prior to the reference date was assessed with the National Cancer Institute's self-administered Diet History Questionnaire, previously adapted for use in Canada [36] . Interviews occurred on average 22 (SD ± 11.5) weeks after the participants' reference date with a range of 5-92 weeks with 72% completed within 6 months of diagnosis and 96% completed within 12 months of diagnosis.
A recall calendar focusing on major life events as well as a family history of cancer worksheet were mailed to the participants before the interview. This calendar, designed specifically for this study, was pilot-tested with the questionnaire and used as a means to improve respondent recall of lifetime physical activity. The interviewers used cognitive interviewing methods [37] to assist the respondents in answering the questions. Several quality control measures of the interviewers' methods were incorporated into the study design. The family history worksheet was used to report first and second degree relatives' history of cancer.
Lifetime physical activity was estimated using a questionnaire that had been tested for reliability [38] , and used in previous case-control studies of breast and prostate cancers [39, 40] . The reliability of total lifetime physical activity was estimated as 0.74, and the correlation coefficients for occupational, household, and recreational activities were 0.87, 0.77, and 0.72, respectively. This questionnaire assessed occupational, household, and recreational activities separately throughout a respondent's lifetime (from childhood to the reference date). The patterns of physical activity were recorded by the interviewer including the age started, aged ended, number of months per year, weeks per month, days per week and hours per day that each activity was performed so that the frequency and duration of these activities is determined. The participants also reported the intensity of their activity as sedentary (used for occupational activities only), light, moderate, or heavy (i.e., self-reported intensity). For occupational activity, we obtained job title as well as up to three descriptors of the actual activity performed at paid or volunteer occupational activities (e.g., standing, sitting, walking). Definitions for each intensity level by type of activity were provided with examples for the study participants. In addition to self-reported intensities, a specific MET value was assigned to each reported activity based on the description of the activity. The MET values used were abstracted from the Compendium of Physical Activities [41] . A MET is defined as the ratio of the associated metabolic rate for a specific activity when compared to the resting metabolic rate [42] . One MET is the average seated resting energy cost of an adult and is set at 3.5 mL/kg/min of oxygen. The variables estimated in this analysis were the average MET-hours per week per year spent in occupational, household, and recreational activity over the respondent's lifetime. Total lifetime physical activity was estimated as the sum of occupational, household, and recreational activity. At the end of the interview, interviewers used standardized methods to measure the study participants' current height, weight, and waist and hip circumferences.
Statistical analysis
Physical activity variables were categorized into quartiles according to the distribution of the variables among the controls. Odds ratios (ORs) and 95% confidence intervals (95% CI) for endometrial cancer were estimated using unconditional logistic regression and a full assessment of confounding and effect modification was done. Univariate modeling was initially used to identify potential risk factors for endometrial cancer in these data. Variables considered as confounders were: age, education, menopausal status, age at menarche, body mass index (BMI) (weight/height 2 ), waist circumference, parity, total fat intake, hormone contraception use, hypertension, hypercholesterolemia, and diabetes. Only those variables that were confounders in this data set or for which there was a biologic rationale were included in the final model. Determination of confounding was done by assessing both the association between the confounder and outcome and a change in risk effect. Final models were adjusted for age, BMI, waist circumference, age at menarche, hypertension, and parity. Models of each type of physical activity were adjusted for the other types of activity. Possible effect modification was assessed in this study by stratifying all models by menopausal status and BMI (\25, 25-30,[30 kg/m 2 ). Histologic type (Type I and II) was assessed in sub-analyses. Tests for linear trend were performed for all models of categorized data by including the continuous, rather than the categorized, variable for each of the variables being modeled and all p values reported are two-sided. The association between physical activity and endometrial cancer risk was examined in three sets of analyses. The first considered how risk was related to the type of physical activity, the second to the time period in life, defined by age groups and biologically relevant life periods, and the third to the dose (specifically the intensity, duration, and frequency) of activity. We also examined the risk associated with sedentary occupational behavior as a separate variable given the recent interest in sedentary behavior as a risk factor for chronic disease [43] .
Results
In general, cases were less likely than controls to be parous and have a greater number of pregnancies, to be married or common-law, to have a university education, to have an older age at menarche, to use hormone contraception, and to use estrogen plus progesterone hormone therapy (Table 1) . Conversely, cases were more likely than controls to have co-morbid conditions (high cholesterol/ triglycerides, diabetes, hypertension), to be overweight, and to have a greater waist-to-hip ratio. Cases were also slightly more likely to have used estrogen-only hormone therapy, but such exclusive use was uncommon and most use occurred prior to 5 years before the reference/diagnosis date in this population of women. A decreased risk of endometrial cancer was found for the women who were Caucasian, married or common-law and who had a university education. Likewise, early age at menarche decreased risk as did being parous and ever using hormones for contraception. Statistically significant increased endometrial cancer risks were found for increased waist circumference, being obese (BMI [ 30) , having a waist/ hip ratio above 0.88, ever having hypertension, hypercholesterolemia/hyperglyceridemia, or diabetes. No increased risks were found for ever use of menopausal hormones, current smoking, alcohol, or fat intake.
The influence of total lifetime physical activity and each type of activity were examined as continuous (Table 1) and as categorized variables (Table 2 ). There was some indication of an inverse association between lifetime physical activity and endometrial cancer risk. For women in the highest quartile of lifetime total activity ([129.2 MET-h/ week/year) compared to women in the lowest quartile (B82.4 MET-h/week/year), the age-adjusted OR was 0.72 (95% CI: 0.54, 0.98), P trend = 0.03. When we adjusted for confounding the risks became non-statistically significant in both the fully adjusted model (OR = 0.92, 95% CI: 0.66, 1.28) or the model that did not include adjustment for BMI, waist circumference and hypertension 0.86 (95% CI: (Table 3) were observed for endometrial cancer. There was some suggestion that activity done between menopause and reference age might decrease endometrial risk for women particularly in the third quartile of total activity ([93-B131.2 MET-h/week/year) for whom a risk of 0.78 (95% CI: 0.54, 1.12) was observed. A similar decreased risk in the third quartile of activity was observed for activity done between birth and menarche (OR = 0.77, 95% CI: 56, 1.06).
The question of how the dose of activity was associated with risk was examined in the next two analyses. The first examined risk by light, moderate, or vigorous levels of intensity (\3, 3-6, and[6 METs) ( Table 4) . A statistically significant reduced risk of endometrial cancer was found for light intensity activity (age-adjusted OR = 0.56, 95% CI: 0.40, 0.76, P trend = 0.001) for[21.6 vs.\11.1 h/week/ year) that remained statistically significant after full adjustment (OR = 0.68, 95% CI: 0.48, 0.97, P trend = 0.06). No reduced risk was observed with moderate intensity activity and for vigorous intensity activity there was only a slight risk reduction that was not statistically Table 1 ). There was some evidence for a stronger effect of physical activity among the most physically active, normal weight women (BMI \ 25) for whom a risk of 0.56 (95% CI: 0.29, 1.08) was observed in the age-adjusted models that was, however, attenuated in the fully adjusted models (OR = 0.81, 95% CI: 0.40, 1.62).
We examined the effect of sedentary occupational activity separately (Table 6 ) as a risk factor for endometrial cancer and found a statistically significant increased risk among the women who spent the greatest amount of time 
Discussion
Overall, an inverse association between total lifetime physical activity and endometrial cancer risk was observed. The risk reduction was attributable mainly to recreational physical activity for which a 36% statistically significant reduction in endometrial cancer was observed among women in the highest quartile of activity with a doseresponse effect across the categories observed as well. Physical activity done between menarche and full-term pregnancy and after menopause were associated with the greatest risk reductions that were, however, not statistically significant. Greatest benefit in terms of endometrial cancer risk reduction was observed for light intensity activities with no association found for moderate or vigorous intensity activities. When examining only the other parameters of dose of activity, i.e., duration and frequency, there were no clear increased or decreased risks for total activity or any individual type of activity with endometrial cancer. Of interest to note was the increased endometrial risk associated with sedentary occupational activity. This study's results can be compared to the 24 previously conducted studies that included 12 cohort [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] 29 ] and 12 case-control studies [21] [22] [23] [24] [25] [26] [27] [28] [30] [31] [32] [33] . A wide range of methods for physical activity assessment was used in these investigations and the definition of the highest category of activity in each study differed across studies. Of these 24 studies, 11 [11, 12, 14, 15, 19, 21, [25] [26] [27] [28] 31 ] found a statistically significant decreased endometrial cancer risk for women who were the most active when compared to those least active, eight [10, 13, 16-18, 20, 22, 24] found a nonstatistically significant decreased risk and five studies [29] [30] [31] [32] [33] observed no effect. When risk reductions are observed in these studies, the magnitude of the decrease is around 30%. This risk reduction is in the same range as those estimated in a recent meta-analyses of physical activity in relation to colon [44] and breast cancers [45, 46] .
None of the previous studies had a comprehensive measure of lifetime total activity. Eight studies [14, 21, 24 , Table 4 Odds ratios for lifetime total physical activity by intensity of activity (n = 1,574) 25, 28, [30] [31] [32] measured usual lifetime occupational activity or some aspect of recreational activity over lifetime rather than using current activity as a proxy for lifetime activity. Hence, the results of this study cannot be directly compared to any previous investigation. Nonetheless, for the studies that measured some aspect of usual a Adjusted for age, body mass index, waist circumference, age at menarche, hypertension, and number of pregnancies of C20 weeks gestation. Models for each level of intensity of activity were adjusted for the other levels of intensity of activity b OR odds ratio, CI confidence interval a Adjusted for age, body mass index, waist circumference, age at menarche, hypertension, and number of pregnancies of C20 weeks gestation b OR odds ratio, CI confidence interval or lifetime activity, decreased risks for either occupational and recreational activity were found in four studies [14, 21, 25, 28 ] with no effect found in the remaining four studies [24, [30] [31] [32] . The investigations measuring usual or lifetime activity were less likely to observe an association with endometrial cancer risk, on the whole, than were the studies that assessed recent or baseline activity (as done in cohort studies). It is possible that our study and these previous ones [24, [30] [31] [32] were less able to observe an association because of measurement error in the assessment of physical activity. We have, however, found strong risk reductions for breast cancer [39, 47, 48] and modest reductions for prostate cancer [40] in association with lifetime physical activity as measured using this same instrument [38] .
Only one previous study measured the frequency, duration, and intensity of the reported physical activity directly from the study participants [27] as we did in this study. Two early studies did not measure any parameter of the dose of activity performed [22, 29] and the remaining studies measured either one [10-12, 14, 15, 21, 23] or two [13, 16-20, 26, 28, 30-33] of these parameters. Four studies have specifically examined and reported the association between endometrial cancer risk and vigorous intensity physical activity [13, 19, 27, 32] . In three of these studies [13, 19, 27, 32] , risk reductions of 30-40% were observed among women who were engaging in vigorous intensity activity at longer durations and/or frequencies. Our study, while not providing support for the suggestion that moderate or vigorous intensity activity is required for an endometrial cancer risk reduction, did nonetheless observe a risk decrease for activities done at a light intensity level with a statistically significant trend. In our study, the women were much more likely to have undertaken light intensity activity than vigorous intensity activities with most women achieving less than 1 h/week of vigorous intensity activity whereas most women accumulated at least 11 h/week of light intensity activity and the highest quartile was over 21 h/week. The highest quartile of vigorous activity in our study occurred at 45 min per week whereas public health guidelines suggest at least 75 min per week if engaging in vigorous activity [49] . Consequently, even the women in the highest quartile of vigorous activity in our study may have not been performing a sufficient amount of activity for endometrial cancer risk reduction. Our study participants were averaging 120 MET-h/week/year of total activity equivalent to 5.7 h of light (i.e., B3 MET) activity per day or 2.8 h of moderate daily activity (B6 MET). This level is just above the minimum 150 min of weekly moderate intensity activity suggested in physical activity guidelines for chronic disease prevention [50] and well below the level of 420 min/week for cancer risk reduction [51] .
Our results regarding an increased risk of endometrial cancer associated with sedentary behavior can be compared with three other studies that have also examined this risk factor [16, 18, 19] . Friberg et al. [16] found a statistically significant 66% increased endometrial cancer risk in a Swedish cohort study for women who watched television or sat for more than 5 h/day when compared to women with less than 5 h/day as sedentary. Patel et al. [18] in the Cancer Prevention Study-II Nutrition Cohort did not find any association between sitting time and endometrial cancer risk, and Gierach et al. in the NIH-American Association of Retired Persons Cohort Study observed a borderline statistically significant 23% increased risk with sitting more than 7 h/day versus less than 3 h daily sitting. Hence, our study results are within this range of previous findings since we observed a 42% increased risk in the age-adjusted model that was statistically significant for women who spent more than 11.3 h/week/year doing sedentary occupational activity. This risk was attenuated to a 28% non-statistically significant risk in the fully adjusted model, however, remained statistically significant when modeled as a continuous variable. For every 5 h/week/year of sedentary occupational activity, an 11% statistically significant increased risk was found. These four studies suggest that inactivity may be a strong risk factor for endometrial cancer that should be considered separately from activity in future studies.
An underlying biologic rationale exists to support an etiologic role for physical activity in endometrial carcinogenesis. At least three plausible mechanisms have been proposed to explain how activity influences endometrial cancer risk [34] . Physical activity could impact on endometrial cancer risk by decreasing endogenous estrogen levels, body fat, and improving insulin sensitivity [52] . These risk factors have all been associated with increased endometrial cancer risk [3, 6, 53] . While evidence exists to support these hypotheses, the exact biologic pathways that may be implicated remain unclear and need to be specifically examined in randomized controlled exercise intervention trials that incorporate biomarkers as intermediate endpoints.
Moreover, by controlling for some of these possible mechanisms in our analyses, we may have attenuated the association between physical activity and endometrial cancer risk.
The limitations of this study need to be addressed. To begin, although this study was population-based, we had a lower response rate among the controls than among cases, which may have introduced a selection bias into our study results arising from a possible healthy volunteer bias. To address this concern, we compared the controls to a sample of women surveyed in Alberta as part of Statistics Canada's Community Health Survey (CCHS) [54] . The comparison was made with women of the same age and also living in Alberta, the response rate in the CCHS for Alberta was 77.4%. Our study controls were generally similar to CCHS; however, they were more likely to be Caucasian (96 vs. 88%), more educated (72 vs. 55% had greater than high school education), and ever married/ common-law (92 vs. 86%). They were equally likely to have hypertension (26.2 vs. 23.5%), diabetes (7.4 vs. 6.5%), to be smokers (49.1 vs. 51.4%) and had nearly identical anthropometric characteristics (BMI: 28.1 vs. 27.8) and ages at menarche (12.6 vs. 13.1 years). The assessment of physical activity level in the present study is not comparable with the CCHS data, hence no direct comparison was possible. Based on these comparisons, no major selection bias is evident for our control population; however, it is acknowledged that there may be an underestimation of the inverse association between physical activity and endometrial cancer risk in our study because of selection bias.
The other sources of bias possible in this study are recall and misclassification bias. Since this study was retrospective and because we were interviewing women about 4 months after their cancer diagnosis and surgery, it is possible that they would have ruminated on their diagnosis and biased their responses to these questions. The possibility of such a bias being introduced into this study was reduced by including questions on numerous exposures and by not placing any particular emphasis on physical activity in this questionnaire. In addition, there had been limited public awareness of any association between physical activity and endometrial cancer at the time of data collection for this study. Misclassification bias could have occurred in this study since the respondents reported detailed lifetime physical activity patterns. The effect of misclassification of physical activity would have been to decrease the ability of the study to demonstrate an effect of physical activity on endometrial cancer risk. Since we observed relatively few associations between physical activity and endometrial cancer risk, this bias is a recognized possible limitation of these data. The strengths of our investigation include the comprehensive measure of lifetime total activity previously shown to be reliable, the large sample size, the complete assessment of confounding and effect modification, and the population-based study design. Our required sample size was 544 cases and 1,152 controls to detect a 30% risk reduction (i.e., RR = 0.70) associated with being physical active, which was an average risk reduction based on previous studies with a = 0.05 (twotailed) and ß = 0.20 (80% power). The achieved sample size was sufficiently large to detect the magnitude of risk reduction that we were expecting but measurement error and biases may have biased our results to the null.
Future studies would ideally include objective measurements of physical activity and inactivity since questionnaire methods on their own may not be sufficient to detect the associations between physical activity and endometrial cancer risk. Recently, significant progress has been made in developing a range of objective measurement methods that can be used to supplement the questionnaire-based reports of activity [55] . These objective methods, together with detailed records of all types and parameters of activity would provide more certainty regarding the exact nature of the role of physical activity in endometrial cancer etiology. Future research should also include other ethnic and racial groups since the associations may differ as has been found for breast cancer [46] . Our Alberta population was primarily Caucasian and relatively homogeneous with respect to education and marital status and underlying risks for endometrial cancer.
In summary, our study provides additional support for an etiologic role of lifetime physical activity in endometrial cancer risk as well as evidence for an increased risk with sedentary behavior. Together, the evidence that has accumulated suggests that physical activity may reduce risk of this cancer by one-third or more. Given that obesity is a well established risk factor for endometrial cancer and physical activity is a clear determinant of obesity, the role of physical activity in endometrial cancer etiology needs to be recognized and considered in future research.
